In this paper, an Interactive Evolutionary system is described, which generates visually appealing 3D projections of mathematical constructs. This system uses a combination of the Grammatical Evolution paradigm and Jenn3d, a visualiser of Cayley graphs of finite Coxeter groups. A very compact representation is used for the genotype strings, using only 64 bits. The resulting visualisations, albeit somewhat restricted, still exhibit a large degree of complexity and evolvability, and are well representative of the domain.
Introduction
One of the central aspects of evolutionary computation is the representation used. Search operators are directly related to it, and the choice of representation directly affects the effectiveness of the search (how fast can optimal solutions be found), and also the navigation of the search space, such as the degree of changes to potential solutions. In systems using mapping processes, the representation is even more crucial, as the transformations of genotype to phenotype and then to fitness can easily lose causality, leading to an essentially exploratory role of the search operators.
In an interactive evolutionary system, with an essentially user-driven evolutionary process, strong causality is of vital importance. When a user selects a given solution, and through a small change this solution is changed into a completely different one, is likely to lead to user frustration, strengthen the sense of randomness in the generative process, and ultimately cause user fatigue.
At the other extreme, a certain degree of exploration is always required, particularly in creative systems: the existence of large neutral landscapes would result in the same phenotypic solution being shown to the user multiple times, and thus also negatively affect the interactive evolutionary process.
This paper explores representational issues for a Grammatical Evolution [10] approach to the visualisation of mathematical projections. It is based on an entry to the "World in a Word" 64-Bit Design Challenge [3] (WIAW), a competition ran in conjunction with the 2013 IEEE Congress on Evolutionary Computation. The objective was to evolve 64-bit strings, which were used to explore creative domains. Entries were evaluated based on the originality of the domain, the diversity of the structures evolved, the appeal of the domain and the evolved individuals, and the extent to which the 64 bits were used.
There are many potential choices for the domain to explore. The competition suggested a wide range of potential areas, including visual artwork, graphic design, architectural motifs, 3D sculptures, musical styles, poetry, NLP tasks, simulations, cellular automata, games, puzzles, entire game systems, etc. Some of the examples provided include Fourier-based harmonic curves and versions of Conway's Game of Life.
Most of those domains suggested either a direct mapping, or a generative (or developmental) approach to creativity [2], such as L-Systems [6], to create as diverse structures as possible, from the (somewhat restricted) range of 64-bit strings.
The entry described here took a different approach. It used the 64 bits as a basis to create an integer string, which in turn was used with the Grammatical Evolution system [10], to evolve parameters for Jenn3d [9], a visualiser of Cayley graphs of finite Coxeter groups. The mapping process was regulated through a context-free grammar, defining the parameter space to navigate. This entry was the winner of the WIAW competition. This is an extension of previous work [7] , which created some award-winning visualisations. One won the Evolutionary Art competition at the EvoStar 2010 conference [4] , and was subsequently chosen to illustrate all the proceedings associated with EvoStar 2011 [13] . Another was submitted to the prestigious UCD Research Images competition [1], held annually by UCD, Ireland, and finished in third place, amongst over 100 images; it is now used by the University to showcase its research programme. The use of 64 bits in this work limits the range of visualisations achievable, but still allows for an extensive exploration of the domain. It also highlights the compression potential of mapping systems such as Grammatical Evolution.
This document describes the approach taken. Section 2 gives an overview of the domain explored, and Section 3 describes the methodology used, including an overview of the evolutionary approach, the encoding used, and the fitness evaluation. Section 4 exhibits some examples generated, analyses the genotype strings evolved, and suggests further improvements.
Jenn3d
Jenn3d [9] is a visualiser of finite Coxeter groups on 4 elements. These groups can be represented as reflections of Euclidean 4-space, or as reflections of the 3-sphere. It builds Cayley graphs using the Todd-Coxeter algorithm, and visualizes those graphs by embedding them in the 3-sphere, then stereographically projecting the graph from the 3-sphere to Euclidean 3-space, and finally rendering the 3D structure as a 2D picture. Jenn3d renders using OpenGL, and is fast enough to allow the user to rotate and navigate in curved 3D space, and gain an intuition for the geometry of the 3-sphere.
